Increases in SCC are an expression of inflammation events in the udder. Inflammation events are sporadic, of variable amplitude and duration, and can be analyzed by computer programs designed to evaluate pulses of hormone secretion. Baseline values for SCC, which take into account long-term trends, were calculated using the PUG S A R peak evaluation algorithm. An inflammation event was defined as an increase of log2(SCC) of at least 1 unit from the preceding data point if the observed value exceeded the baseline value by a threshold value. Incidence rate, duration, and amplitude of inflammation events were calculated. Weekly composite milk SCC from individual cows from two morida dairy farms were recorded. Data were analyzed for effects of season (summer and fall) and bST in two separate data sets. Incidence rate of inflammation events was higher in summer than in fall (4.31 and 2.91 events per cow x year). In one of two data sets only, duration of inflammation events was longer in cows treated with bST (2.4 k . 2 vs. 1 . 6 f .2 wk). In contrast, least squares analysis of variance of log2(SCC) did not detect differences due to season or bST. 
INTRODUCTION
Inflammation of the udder caused by a traumatic event, toxic agent, or invasion of microorganisms may be indicated by an increase in numbers of somatic cells in milk. Although SCC from an uninfected quarter average about 100 x 103 cells/d (IO, 20, 211, the sCC in infected mammary quarters is generally much higher. The geometric means for SCC in milk from infected mammary quarters vary with type of bacteria present but can range from -200 to 400 x 103 c e h / d for quarters infected with minor pathogens such as Corynebacterium bovis and coagulase-negative staphylococci (20, 21) to -700 to 2500 x lo3 cells/ ml for quarters infected with Staphylococcus aureus (21) . In quarters infected with Streprococcus agalactiae or Streptococcus uberis, SCC of 770 to 2050 x I d cells/ml milk were measured (24). Infection and inflammation resulting in an increase of SCC may affect one or more quarters (14). If composite milk samples are obtained from an udder inflamed in one quarter only, the dilution of the milk from that quarter by milk from the three quarters with low SCC is likely to mask an SCC increase in the infected quarter. This dilution effect is enhanced by the decreased milk yield of the inflamed quarter and the concurrent compensating milk yield increase in the uninflamed quarters (25) . A doubling of the SCC in composite milk samples, even at low SCC levels, may be the expression of an infection in one quarter (14).
Variability of SCC in milk from uninfected mammary quarters from individual cows over time results from several causes, such as intraassay variation of the procedures for determining SCC (8, 12, 19, 22) , time of sampling and amount of milk in the udder (4, 6, 7), parity (16, 23), and stage of lactation (20) . These sources of variation, although potentially important in determining baseline values of SCC for uninfected glands, iue small in comparison with the large increase in SCC associated with inflammation in the mammary gland (1, 20) . These inflammatory events (IE) are generally due to infection (17).
An increase of SCC due to infection and inflammation is a sporadic event, of variable amplitude and duration. The incidence and severity of I E can describe udder health in a cow population. The primary objective of this study was to develop a method to detect and evaluate IE. The method was devised so as to depend on an estimate of baseline SCC for each individual cow to determine E. Because SCC for uninfected cows depend on factors such as stage of lactation (20) and parity (16, 23), the approach of estimating baseline SCC for each individual cow would adjust for any cow differences in basal SCC when defining IE. A peak evaluation algorithm used in endocrinology, PULSAR (ll), was adapted to the evaluation of time series of SCC to define baseline values for SCC and to identify IE that represent significant departures from baseline. Other objectives were to evaluate seasonal and bST effects on the incidence and severity of I E in a lactating dairy cow population. Differences related to bST administration could be due to alterations of resistance status of cows, whereas seasonal effects could be viewed either as an alteration of the immune status of the cows or as a change in the challenge to the mammary gland by udder pathogens.
MATERIALS AND METHODS

Anlrnals and Data Collection
To evaluate effects of bST on SCC, 198 lactating Holstein cows on two Florida dairy farms were blocked by parity (parities 1 and 2+) and stage of lactation at start of treatment (SLST; SLST 1, d 61 to 100 postpartum; SLST 2, d 101 to 140 postpartum; SLST 3, d 141 to 180 postpartum) and were randomly assigned to two treatment groups. Cows in the bST treatment group were injected biweekly with 500 mg of sometribove (methionyl bovine somatotropin) in a prolonged-release system supplied by Monsanto Co. (St. Louis, MO) .
Cows in the control group were not injected. Treatments were started on farm 1 on July 25 (n = 72, treatment for 24 wk) and October 17 (n = 72, treatment for 12 wk) and on farm 2 on July 19 (n = 54, treatment for 20 wk).
Milk yields were ~~~~r d e d , and composite milk samples were collected from each cow at weekly intervals, starting 1 wk prior to bST treatment. Samples for SCC were analyzed by the Milk Quality Laboratory of the Virginia Federation of DHIA (Blacksburg, VA). Only cows with SCC lower than 258,000 cells/ml [logz(SCC) < 81 prior to the start of treatment were used for the analysis (n = 171).
For analysis, data were organized into two sets. Data set A was compiled to evaluate seasonal influences primarilr and contained data collected for 13 wk from farm 1 (65 cows started in summer and 64 cows started in fall). Data set B, for the evaluation of effects of bST treatment only, represented data from 65 cows started in summer on farm 1 (data from 25 wk) and 42 cows on farm 2 (data from 21 wk; all started in summer).
Least Squares Analysis of Varlance
To normalize the distribution, SCC data were transformed to a log2 scale. Least squares analysis of variance by the general linear models procedure of SAS (18) was used to evaluate effects of farm, parity, SLST, season, and bST treatment on variables of interest. The design was a split-plot in time design; all main effects and their interaction in the main plot were tested by cow within farm x parity x SLST x season x bST treatment interaction, and week and week x other main effects and interactions in the subplot were tested by the overall residual (Table 1) .
Analysis by Peak Evaluation Algorithm
The baseline of log2(SCC) was calculated with the PULSAR program (11) . which uses an algorithm for robust locally weighted re-gression and smoothing of scatterplots (3). The baseline represents trends over time of the basal SCC of individual cows. The entire observation period for each cow was used as smoothing window: the smoothing window was set at 13 wk in data set A and at 25 wk in data set B. For illustrative purposes, other smoothing windows were also used (Figures 1,  2, and 3) . A value (g,,hd) was calculated for each value of log2(SCC). The value of gobsemed represents the difference between an observed value of log2(SCC) and the baseline in units of intraassay SD. Thus a g0b-d of that is an arbitrarily chosen value used to delineate peaks and is a number that represents the number of SD that a log2(SCC) has to be above baseline to be considelwl as an DE (Le., an IE occurs when g-4 2 gbshold). The threshold values for g to determine an IE were set such that duration and amplitude of the increase were both
considered. An IE of 1-wk duration was de- . Thresholds for g were set empirically. Altering thresholds for g will alter sensitivity and specificity of the detection method.
An option in PULSAR allows one to determine whether two consecutive peaks are con- Three adjustments were made to the PUL-S A R output. First, the baseline maximum was set at logz(SCC) = 8.00 (SCC = 256,0oO/ml). If the baseline calculated by PULSAR exceeded that value, calculation of to determine presence of an DE was done manually; logz(SCC)whe = 8.00 for the calculation of g0-d. Second, logz(SCC) increases characterized by PULSAR as peaks were not considered as IE if 1 0 g 2 ( S C C )~~,~d <: 7.00 (i.e., SCC < 128,000 cells/ml). Third, E were only considered as such if the increase of log2(SCC),hwd from the previous value was 21 (i.e., represents a doubling of the SCC) (14). Number of weeks at risk was computed as number of weeks observed minus number of weeks inflamed. Data were stratified according to farm, season, treatment, parity, and SLST group. The directly pooled point estimation of the effects of season (data set A) and bST (data set B) for the incidence rate difference (IRD), the incidence rate ratio (IRR), confidence Tables 3 and 41 , mean of the baseline values, direction of the baseline, and the maximum amplitude of E. Maximum amplitude was calculated as the difference between the highest logz(SCC) in an IE minus baseline SCC. Effects of treatment on these variables and on duration of inflammation were evaluated by least squares analysis of variance, using models similar to those described earlier except that week was not included as a main effect.
Pearson coefficients of correlation (1 8) were calculated using the total data set (sets A and B combined). For each cow, the average milk yield, log2(SCC), baseline value, maximum amplitude, and duration of IE were calculated as well as the individual IR for that cow. These traits were then correlated with one another.
RESULTS
Least Squares Analysls of Variance
Results h m least squares means analysis of variance are in Table 1 . There were no effects of bST treatment or season on log2(SCC); parity had significant effects on log2(SCC) in both data sets. For data set A, log2(SCC) for parity 1 and 2+ were 5.59 and 6.15 (SEM = .12, P < .Ol); for data set B, log2(SCC) for parity 1 and 2+ were 5.58 and 6.74 (SEM = .16, P < .05). (Figures 1 and  2 ).
Analysls by Peak Evaluation Algorlthm
The data for cow 10825 are presented to demonstrate patterns of SCC for cows without identifiable E (Figure 3 tion events of I, 2, or 3 wk or more duration. With lhis baseline. 2 inflamma tion events were detected: 1 at wk 13 (e;obm& = 104.5) and 1 line 2 was calculated like baselbe 1 except that smoothing ing window, the baseline was more likely to be deflected by an inflamma tion event. An ' tion event was detected at wk 13 @,hd = 32.2) and another at wk 16 @,bxwed = 28.0). When baseline 2 was adjusted so that it inflammation event was 38.8. and the second inflammation event lasted for wk I5 to 17 (maximum = 70.2). Table 3) , baselines were higher (P c .05)
for second and higher parity cows and tended (P < .lo) to increase with SLST. Maximum amplitude tended (P c .lo) to decrease with increasing SLST. There were no seasonal or bST effects on characteristics of IE. For data set B (Table 4) . baselines were higher (P c .05) for second and higher parity cows. Baselines increased on farm 1 with increasing SLST, whereas on farm 2, baselines in SLST group 2 were lower than in group 1 and 3 (farm x SLST; P c .05; data not shown). Correlation coefficients are displayed in Table 5. The coefficient for single observation pairs (n = 2623) for correlation of milk yield and log2(SCC) was -.27. Correlation coefficients for individual cow means of miUc yield with several other variables tested were low although significant. Thus, increases in baseline log2(SCC), duration of E, and IR of IE were associated with a decrease in milk yield. Concurrently, log2(SCC) was correlated with baseline log2(SCC), duration of E, and IR of IE.
There were no significant correlations of maxi-TABLE 2. Effects of season (data set A, farm 1, cows started in summer or fall) and bST treatment (data set B; farms 1 and 2, cows started in summer) on incidence rates of inflamma tion events and incidence rate differences and ratios.
Data set
Variable A
B
Crude total incidence rate Crude incidence rate, summer 4.31 Crude incidence rate, fall
2.91
Crude incidence rate, no bST 5.07 Crude incidence rate, bST
5.63
Crude incidence rate difference 1.402 .563
Incidence rate difference' 1 .822 .8@
(events per cow x year)
3.47
5.34
(events per cow x year) 'Directly pool4 point estimate.
( S m e r minus fall).
3@ST minus no bST).
( S m e r divided by fall).
'@ST divided by no bST). *P < .05.
mum amplitude with either log2(SCC) or milk yield. The correlation between duration of I E and maximum amplitude was .30 (P < .01).
DISCUSSION
The contamination of the mammary gland with a pathogen, with the possibility for resulting infection and inflammation, is a sporadic event. Conventional analysis using least squares analysis of variance does not completely describe the dynamic nature of SCC data. Given the variable behavior of pathogens and the variable SCC response, a system was developed to evaluate IE, based on SCC data, while accounting for variation due to assay, diurnal variation, and individual cow differences in basal SCC. Variable thresholds to determine mastitis in cows like age-related (5) or pathogen-related (21) thresholds for classifying milk as mastitic have been proposed. The problem with these approaches is that SCC do not necessarily return to preinfection values after the end of infection; therefore, thresholds have to be kept high to avoid false-positive classifications. The use of interquarter ratios, proposed for N-acetyl-PD-glucosamhidase in milk (lo), which enables comparison of inflamed with uninflamed control quarters in the same cow, requires many samples and poses a problem in cows with continuous alterations, such as for cows with previous infections and inflammations (9) or cows with more than one quarter inflamed.
Use of the proposed peak evaluation method would minimize these difficulties because a dynamic threshold is set that depends on the individual cow and, therefore, accounts for differences between cows due to parity, stage of lactation, and udder health history. In addition to detecting an IE, the evaluation of the seventy of the inflammation is possible by comparing the observed SCC during inflammation with a calculated normal level, i.e., with the baseline, and assessing duration and amplitude of SCC changes.
Sensitivity of detection will be affected by sampling interval. Figure 1 illustrate that the smoothing window should be wide, but the optimum for threshold values is unknown and may depend on the data set to be analyzed and the goal of the analysis. Once parameters and conditions for eventual manual adjustments are set for a population, the use of PULSAR will guarantee a degree of rigor and objectivity in the evaluation of SCC series from all cows in the investigated population that cannot be guaranteed for visual appraisals of E. Although no seasonal effects were found by analysis of variance of data set A, an elevated IR of IE was detected in summer through the use of the peak evaluation program. Such an increase was to be expected based on reports of the literature (13) . Average baseline values, maximum amplitude, and duration of IE provided additional information on the resistance and health status of the mammary gland. These variables were not different for summer and fall. Thus, it appears that the elevated I R of IE may have been due primarily to increases in challenge to the mammary gland during the hotter and more humid summer months. No effects of bST treatment on IR were detected.
Duration of IE was higher in bST-treated cows, although this was only the case for data set B. This could be an indication for a more protracted response of bST-treated cows to a bacterial challenge during summer. This find- ing does not correspond to results in which more mature and more reactive polymorphonuclear leukocytes were generated in cows with clinical Escherichia coli mastitis when treated with bST (2). Additional work is needed to clarify the effects of bST on characteristics of
E.
Baselines were higher for cows in second and higher parity, an expected result, because SCC increases with increasing parity in uninfected quarters (16, 23). Effects of SLST were not as clear, although a tendency existed for higher baselines to occur in higher SLST in data set A. Also, amplitude of IE decreased with increasing SLST for data set A, which could indicate a lower cellular response to infection with advancing stage of lactation.
In summary, the peak evaluation algorithm applied to SCC time series is a useful procedure for characterizing IE in the mammary gland. The method is based on the detemination of a dynamic threshold for individual cows for detection of inflammation in the udder. It also allows the investigator to consider other measures of udder health such as amplitude and duration of IE. Further validation studies should determine whether IR of IE can be associated with IR of microbial contamination and infection. Obtaining bacteriological data may be particularly important in determining which threshold values to set for identifying E. If a high degree of association exists between presence of bacteria and IE, as detected by PULSAR or similar programs, then analysis of SCC time series by a peak evaluation algorithm will provide a relatively inexpensive means of determining frequency and characteristics of infectious events for research purposes.
